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PREVENTION OF ADHESIONS 



Background of the Invention 



It is well established that post-operative adhesions develop in the vast majority of patients 
after surgery. Injury or inflammation in the peritoneal cavity produces a fibrous exudate. As a 
result, the serosal surfaces stick together. The fibrous exudate may be absorbed or invaded by 
fibroblasts to form a permanent fibrous adhesion. 

Removal of fibrin before it is invaded by fibroblasts prevents the formation of permanent 
fibrous adhesions. Removal of fibrin occurs due to the fibrinolytic activity of the peritoneal 
cavity. Fibrinolytic activity can vary as a result of surgery. Fibrinolytic activity is absent from a 
peritoneal wound during the first 48 hours after surgery. However, there is a gradual increase after 
this time up to 8 days when the peritoneum heals. The source of the fibinolytic activity is foimd 
in the mesothelial cells. It is postulated that the absence of definitive mesothelial cells with their 
associated fibrinolytic activity may facilitate adhesion formation by allowing fibroplasm to occur 
before definitive mesothelial cells have grown between and separated the two opposed surfaces 
of a fibrinous adhesion. 

The molecular events underlying peritoneal wound healing and development of fibrous 
adhesions are complex and multifactoral. The cascade of events that leads to peritoneal wound 
repair in many aspects resembles those that occur during skin wound healing, which is 
characterized by inflammation, cellular migration, proliferation, phenotypic differentiation and 
tissue remodeling. Tissue remodeling involves deposition and degradation of the extracellular 
matrix, which are highly regulated processes, occurs throughout wound repair, and are influenced 
by a host of locally expressed growth factors, cytokines and eicosanoids. The extracellular matrix 
is a dynamic component capable of modulating various cellular activities including cell-cell 
interaction, proliferation, differentiation and sequestering potent biological response modifiers 
from the wotmd environment. In addition, it has become clear that excess production and 
deposition of the extracellular matrix is a key factor in producing tissue fibrosis throughout the 
body including the development of peritoneal adhesions. 
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It has been suggested that serine proteases and metalloproteinases not only play a critical 
role in various stages of normal wound repair, but are involved in enhanced breakdown of the 
major components of the extracellular matrix in pathological wound healing. Matrix 
metalloproteinases ("MMPs'') are members of a family of zinc proteases which hydrolyze various 
5 components of the extracellular matrix such as collagens, fibronectin, laminin, elastin and 
protoglycans. Seventeen different MMPs have been isolated and characterized, which based on 
their substrate specificity are divided into several subgroups: coUagenases (MMP-1, MMP-8, 
MMP-13), gelatineses (MMP-2 and MMP-9), stromalysins (MMP-3, MMP-7, MMP-10, MMP- 
11), matrilysins (MMP-9), and the newly discovered membrane-type MMPs (MT-MMPl to 
1 0 MT-MMP-4 or MMP- 1 4 to MMP- 1 7). The catalytic activity of MMPs is regulated at least in part 
by a group of proteins referred to as tissue inhibitors of matrix metalloproteineases or TIMPs. 
Four TIMPs have been identified and are referred to as TIMP- 1 , TIMP-2, TIMP-3 and TIMP-4. 
"yj A coordinated expression and balance between the production of MMPs and TIMPs is an 

'"'■4 important step in tissue remodeling. In general, MMPs are not expressed constitutively in vivo 
jg in adult tissues, but they are induced in response to various stimuli including proinflammatory 
cytokines, growth factors and hormones. MMPs are also induced in tissues that normally undergo 
r.3 extensive remodeling such as the endometrium during the menstrual cycle and wounds during 

'""4 

M healing. Furthermore, an important feature of the MMPs is that they are produced as inactive 
proenzymes and require activation, which is achieved by various factors including several serine 

Id proteineases such as plasmin, trypsin and neutrophil elastase. In contrast, the expression of 
TIMPs is wide spread in many tissues and is regulated in co-ordination with MMPs. TIMP-1 and 
TIMP -2 inhibit the activity of all MMPs by forming a high affinity complex in a 1:1 ratio. In 
addition to inhibiting the MMPs activity, TIMPs have also been shown to have growth factor like 
activity by stimulating cell growth. 

25 Thus, for normal peritoneal healing to occur, the availability of these molecules must be 

optimal, precise, and synchronized. Inhibition, interruption, or excess expression of these 
molecules seems to be responsible for failure in normal healing, resulting in either impairment 
or excess tissue formation (adhesion development). Although the role of growth factors, 
cytokines, eicosanoids and serine proteinases have been investigated in relation to peritoneal 

30 wound repair and adhesion formation, there is no information currently available in respect to 
the expression of MMPs and TIMPs in the peritoneal envirorunent. 
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The formation of intraperitoneal fibrous adhesions is a complex process that involves 
migration and mitosis of a variety of cell types, including inflammatory cells, mesothelial cells, 
and fibroblasts. Peptide growth factors and their receptors may play key roles in regulating many 
aspects of adhesion formation. Growth factors, such as epidermal growth factor (EGF), and 
transforming growth factor-P (TGF-p) may directly influence adhesion formation. 

Summary of the Invention 

It has now been discovered that an unbalanced level of MMP-1 and TIMP-1 in a 
human subject, high TIMP-1 expression, and the association of a major portion of MMP-1 in 
complex with TIMP-1 may be major contributing factors in the peritoneal environment by 
providing a favorable condition for adhesion development. This discGver>' has lead to the 
development of novel methods for treating surgical adhesions, for diagnosing the probability 
of developing adhesion formation, and for preparing pharmaceutical formulations for reducing 
or preventing adhesions. 

In one particular aspect of the invention, a method for the prevention or remediation of 
surgical adhesions comprises treating a patient at risk of having such adhesions with a 
therapeutic formulation selected form the group consisting of antibodies to TIMP-1 and 
TIMP-1 antisense oligonucleotides. Treatment with TIMP-1 antibodies results in the 
alteration of local levels of both TIMP-1 and MMP. Antisense oligonucleotides can be 
targeted to a specific gene's mRNA destruction to inhibit the synthesis of proteins. 

In another aspect of this invention, antibodies to TIMP-1 are disclosed and used to 
formulate a therapeutic formulation for the treatment or prevention of surgical adhesions. The 
antibodies can be polyclonal antibodies, monoclonal antibodies or Fab fragments. The 
formulation can include suitable carriers and adjuvants. A particularly preferred carrier is a 
hyaluronic acid matrix, which can be derivatized, underivatized or cross-linked. 

An additional aspect of this invention involves a method for the detection of a 
predisposition in a subject to adhesion formation which comprises the detection of elevated 
levels of TIMP-1 in a himian subject. Once detected, the predisposition for adhesion 
formation can then be treated using the procedure of this invention. 
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Brief Description of the Drawing s 

Figure 1 is a diagram showing the expression of MMP-1 in intraperitoneal tissue. 
Figure 2 is a diagram showing the expression of TIMP-1 in intraperitoneal tissue. 
Figure 3 is a diagram showing the co-expression of MMP-1 and TIMP-1 in intraperitoneal 

tissue. 

Figure 4 is a diagram showing MMP-1 production levels. 

Figure 5 is a diagram showing the comparative levels of TIMP-1 production in mild as 
compared to extensive adhesions. 

Figure 6 is a diagram showing the comparative levels of TIMP-1 expression in the female 
peritoneal environment for both pre-menopausal and post-menopausal women. 

Detailed Description of the Invention 

An important area for the prevention of adhesion formation is the modulation of grov^h 
factors and cytokines. The present invention provides for the first time a comparative analysis of 
the level of expression of MMP-1, TIMP-1 and MMP-1 /TIMP-1 in various tissues within the 
peritoneal cavity and peritoneal fluids of patients who were undergoing pelvic/abdominal surgical 
procedures. The results indicate that interstitial collagenase or MMP-1, which degrades type I, 
II, II and VII coUagens, is expressed at a significantly higher level in ovaries and fallopian tubes 
compared to skin, fascia, parietal peritoneum, omentum, uterus, and large bowl, as well as fibrous 
adhesions, v^th lowest levels associated with skin. Also, in peritoneal fluid the level of MMP-1 
is low and comparable to that detected in skin, which under normal conditions expresses low to 
undetectable levels of MMPs. Comparatively, adhesions express a moderate level of MMP-1 , 
which is significantly lower than in ovaries and higher than in skin. 

In contrast to MMP-1, the expression of TIMP-1 in tissues was highest in adhesions with 
ranges from 2 to 8 fold higher, but approximately 1 .5 fold lower than that detected in peritoneal 
fluid. These results suggest that in the peritoneal environment, tissues such as ovaries, fallopian 
tubes and uterus express higher levels of MMP-1 and TIMP-1 . The results are consistent without 
regard to the cause of trauma, i.e. ovaries, fallopian tubes and uterus appear to be more 
susceptible to adhesion formation following trauma, irrespective of whether it is caused by 
physical, cytotoxic, inflammatory or immunological factors. This may be due to high levels of 
TIMP-1 expression which inactivates all the MMPs including MMP-1 by forming complexes 
v^th TIMPs in a 1 : 1 ratio. 
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In support of this conclusion, we observed that in patients with extensive adhesions, the 
level of TIMP-1 expression was substantially higher than those with moderate or mild adhesions. 
Although there appears to be a trend for higher TIMP-1 expression in patients with extensive 
adhesions, due to variability in the number of patients within each group and inconsistency in the 
type of tissues collected during sampling, it is difficult to reach a conclusion at the present time 
regarding the levels in patients wdth and wdthout adhesions. The results further indicate that the 
level of MMP-1 /TIMP-1 complex in the ovaries and uterus is the highest, compared to other 
tissues, and corresponds to 55 to 70% of total MMP-1 level expressed in these tissues. Such a 
relationship between the level of MMP-1 /TIMP-1 complex, and the level of total MMP-1 was 
also observed in other tissues, with levels ranging from 37% to 69%. 

Peritoneal fluid is also regarded to play a key role in development of adhesion formation, 
due to the presence of various factors. With regard to the peritoneal fluid, MMP-1 and MMP-1 
/TIMP-1 complex was low compared to their tissue levels. However, peritoneal fluid contained 
the highest level of TIMP-1 . Furthermore, the adhesions also express a low level of MMP-1 and 
MMP-1 /TIMP-1 complex, while they expressed the second highest level of TIMP-1 compared 
to other tissues. It would appear that 1 00% of total MMP-1 detected in peritoneal fluids and 65% 
in the adhesions was in complex with TIMP-1 . This suggests that the role of peritoneal fluid in 
the context of adhesion formation favors matrix deposition rather than degradation, and is 
consistent with the clinical impression. Thus, once an adhesion develops, it will persist and does 
not spontaneously resolve. Furthermore, this milieu favors extracellular matrix deposition, and 
is consistent with clinical reports that adhesions become thicker and more dense over time. 
Although the adhesions examined in this report are mature and far less dynamic, our data suggest 
that they appear to exist under a molecular environment which prevents proteolytic enzyme 
degradation by MMPs. Furthermore, in addition to inhibiting the activity of the MMPs, TIMP-1 
has been demonstrated to have grov^h factor like activity by stimulating cell growth. Because of 
the high content of TIMP-1 in the peritoneal fluid, TIMP-1 may have a stimulatory effect on cell 
grov^, including fibroblasts which migrate into the site of injury at the initial stage of adhesion 
formation. 

Potentially, several growth factors, cytokines and eicosanoids, which are expressed by 
these tissues and present in the peritoneal fluid, can regulate the expression of MMPs and TIMPs. 
In addition, in tissues such as the uterus and the ovary, the expression of MMPs and TIMPs has 
been shown to be regulated by ovarian steroids and gonadotropins, respectively. In this respect. 
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MMPs have been associated with endometrial breakdown during the menstrual cycle and 
progesterone has been reported to inhibit the expression of a selective number of MMPs in this 
tissue. Among the growth factors and cytokines, it is well established that excess production of 
TGF-P in various tissues leads to pathological fibrosis including peritoneal adhesions. In general, 
the effect of TGF-P on tissue fibrosis occurs through increasing synthesis and deposition of 
extracellular matrix and decreasing their degradation through differential regulation of MMPs 
and TIMPs. In fibroblasts, TGF-P inhibits MMP-1, stimulates TIMP-1 expression and prevents 
plasmin generation by increasing the expression of plasminogen activator inhibitor (PAI-1), 
allowing the unopposed deposition of extracellular matrix. Fibrous adhesions and peritoneal 
fluid express elevated levels of TGF-pl during the early stages of wound repair and treatment of 
myometrial smooth muscle cells and adhesion fibroblasts with TGF-p result in differential 
regulation of al procollagen, fibronectin, TIMP-1 and MMP-1 mRNA expression in these cells. 
Furthermore, TGF-pl has been shown to suppress the expression of MMP-3 (steromlysin 1) in 
fibroblasts and MMP-7 (Matrilysin ) in endometrial epithelial cells. It has also been reported that 
resting keritinocytes in normal skin do not express MMP-1 and MMP-3. 

It appears that for normal healing to proceed, the expression and availability of the 
molecules must be optimal, precise and synchronized. Inhibition, interruption or excess 
expression of these molecules seem to be responsible for the failure of normal healing, either 
impairment (nonhealing) or excess tissue formation (adhesion development). In this regard our 
data provide the first evidence that an unbalanced level of MMP-1 and TIMP-1, high TIMP-1 
expression, and association of a major portion of MMP-1 in complex with TIMP-lmay be major 
contributing factors in the peritoneal environment which provide a favorable condition leading 
to adhesion development. 

To test our hypothesis, we assessed whether MMP and TIMP expression is altered in 
patients who do or do not have adhesions, as well as whether there is tissue variation within the 
peritoneal environment which may influence likelihood of adhesions. The present study 
comparatively examined the expression of MMP-1, TIMP-1 and MMP-1 /TIMP-1 complex in 
various intraperitoneal tissues including parietal peritoneum, uterus, fallopian tube, ovary, bowel, 
omentum and adhesions as well as in skin, fascia, and peritoneal fluids in patients who were 
undergoing abdominal/pelvic surgical procedures. 
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EXAMPLE 

Tissue specimens including skin, fascia, parietal peritoneum, uterus, fallopian tube, ovary, 
large bowel, omentum and adhesion, as well as peritoneal fluids were collected from patients 
(N=55) who were undergoing abdominal/pelvic surgical procedures. Peritoneal fluids were 
excluded if the fluids became contaminated with blood during the collection. Thus, peritoneal 
fluid fi-om 1 5 patients were analyzed. The collection of the tissues and peritoneal fluid from these 
patients was approved by the Institutional Review Board from each individual institution prior 
to initiation of the study. All patients gave informed written consent prior to tissue collection. 

The patient's pelvic findings at surgery were used to asses the type of adhesions. The 
extent of adhesion formation was determined and classified based on their severity as previously 
described. In female patients, adhesions involving only a small area, usually the tubes and 
ovaries, and lysed with ease were categorized as minor, adhesions involving larger areas were 
classified moderate, and more vascular and cohesive adhesions were categorized as extensive. 
In male patients, adhesions were categorized in a similar manner, although the patients were 
undergoing various gastrointestinal surgical procedures. 

After collection, the tissues pieces were divided into multiple portions and one portion 
was subjected to extraction of MMPs and TIMPs according to the protocol described in the 
ELISA kits and established in our laboratory. Prior to the ELISA assay, the total protein content 
of the tissue extracts were determined using a standard protein assay kit (Bio-Rad, Hercules CA). 
An equal amount of the tissue extracts and peritoneal fluids were assayed using human specific 
ELISA'sforMMP-l,TIMP-l and MMP-l/TIMP-1 complex with limits of detection of 1.7, 1.25 
and 1.5 ng/ml, respectively, measuring the total MMP-1 (free and in complex with TIMP-1, but 
not with a2-macroglobulin), total TIMP-1 (free and in complex with MMPs ) and MMP-l/TIMP- 
1 complex (activated MMP-1 that has subsequently been complexed with TIMP-1). The ELISA 
kits were purchased from Oncogen Sciences (Cambridge MA) and used according to the 
procedures provided by the manufacturers. Data are expressed as mean ± SEM and significance 
was defined as P<0.05. The data were statistically analyzed using one way analysis of variance 
(ANOVA) and Dunn's multiple test and presented as ng of MMPs or TIMPs/ mg of total protein. 
Of the 55 patients, 45 were female and 10 were male, ranging in age from 24 to 83. Among the 
female patients, 13 were postmenopausal and 32 were premenopausal, of whom 23 had previous 
invasive and noninvasive pelvic surgical procedures which included cesarean sections, bilateral 
tubal intervention, appendectomy, ovarian cystectomy, hysterectomy and/or treatment for 
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endometriosis. Based on each premenopausal patient's last menstrual period and endometrial 
histology, 9 patients were in the proliferative phase and 23 were in the secretory phase of the 
menstrual cycle. 

Irrespective of the patients age, gender, medical diagnosis and pervious medical history, 
all the tissue extracts and peritoneal fluids express MMP-1, TIMP-1 and MMP-l/TIMP-1 
complex. However, the tissues and peritoneal fluids express a significantly higher TIMP-1 
compared to MMP-1 or MMP- 1 /TIMP- 1 , with ranges from 2 to 10 fold higher (P<0.05). There 
were also significant variations in the levels of MMP-1, TIMP-1 and MMP-1 /TIMP-1 expression 
in tissues and peritoneal fluid within and among the patients, ranging from 2 fold higher for 
MMP-1 and MMPl/TIMP-1 and up to 10 fold higher for TIMP-1 ( P<0,05). The ovaries 
appeared to express a significantly higher level of MMP-1, foUowed by fallopian tube, large 
bowel, uterus, omentum, adhesion, parietal peritoneum, fascia, peritoneal fluid and skin 
(P<0.001). In contrast, the highest level of TIMP-1 expression was found in peritoneal fluid, 
followed by adhesions, large bowel, uterus, fallopian tube, ovary, peritoneum, omentum, skin and 
fascia (P<0.01). 

In the adhesions, the level of TIMP-1 expression was substantially higher in patients with 
extensive adhesion, compared to moderate to mild adhesion, but was not significant. In general, 
the mean levels of TIMP-1, but not MMP-1 and MMP-1 /TIMP-1 complex were substantially 
higher in all the tissues and peritoneal fluids of pre-menopausal patients compared to 
postmenopausal patients. Comparatively, the levels of MMP-1 /TIMP-1 complex expression were 
similar to that of MMP-1 in the tissue extracts and peritoneal fluids, with highest level expression 
found in the ovary (P<0.05). 

With respect to the type of adhesions, the peritoneal fluid of patients with extensive 
adhesions had a substantially higher TIMP-1. Compared to peritoneal fluid, parietal peritoneum 
fi-om all patients expressed more MMP-1, but significantly lower TIMP-1 (P<0.003), with both 
expressing equal amounts of MMP 1 /TIMP-1 complex. Adhesions and skin expressed the lowest 
MMP-1 and TIMP-1 compared to other tissues. However, despite variability among the number 
of tissue samples, it appears that in patients with extensive adhesions, the adhesions expressed 
substantially more TIMP-1 than those with moderate adhesions. Essentially, most if not all the 
MMP-1 appears to be associated in complex with TIMP-1 , both in peritoneal fluid and in all the 
tissues examined, ranging fi-om 38% (fallopian tube) to 100% (peritoneal fluid). 
What is claimed is: 



